It is known that the LEV is the main feature that allows the insects to achieve the necessary lift to fly.
INTRODUCTION
There are two ways by which the hovering micro air vehicles (or MAV's) can be made to fly: like a helicopter or like a bird or insect. For the micro-helicopter design and flight, see for example [1] . The ornithopter is a flapping-winged aircraft that is capable to fly like a bird or insect. However, there are differences between the bird flight and the insect flight. Consequently, it is sometimes used the term entomopter when we refer to insect or hummingbird flight, which are much alike from the point of view of the flapping mechanism. Like many authors, we will prefer the first term, since it is better known. To introduce the reader into the subject, we will present here some features of the insect or hummingbird manner of flight. The flapping flight has some advantages that made the ornithopter preferable to the micro-helicopter.
The ornithopter uses frequently an electric motor and a bar-mechanism to achieve the reciprocating motion of the wings. This mechanism is an energy consumer and a complication. We can ask ourselves whether we cannot avoid the reciprocating motion and to use directly the rotary motion, but at the same time, not renouncing to the advantages of highly unsteady flow.
The solution is the cycloidal propulsor, invented by Schneider in 1926 and used for the propulsion of some ships. This device was modified to improve its aerodynamic performances for the special case of MAVs. This mechanism is called here "modified cycloidal wing device" 1 or a cycloidal rotor. The result of our research on this type of rotor was divided into two parts. The first one which is contained in this paper presents the main advantages of the unsteady flow, and particularly of the flapping flight. Then we describe the cycloidal rotor. The main idea is that the unsteadiness of the flow is the one that brings about the mentioned advantages, and the modified cycloidal wing device will enjoy them too. The second part which will be presented in a further paper is devoted to the aerodynamic analysis of the wing system (the rotor) and to finding of the optimum geometric parameters of this rotary wing system.
FLAPPING FLIGHT PRINCIPLES
We begin with some differences between the terminology used for fixed wing aerodynamics and terminology used for flapping flight. First of all we mention that each flapping surface is called a wing. For example a bird has two wings but a dragon fly and a bee have four. We remind that a typical aero plane has only one wing. We call wing span the distance between the wing tips of two opposite wings when they are stretched out laterally. By wing length or wing radius we understand the distance between the base (or root) and the tip of the wing. The line passing through the wing root and tip is called the wing longitudinal axis.
In this paper we will refer mainly to the insect/ MAV flight. The avian flight is different because the bird wings have one more degree of freedom (spanning, using elbow link) and they fly at higher Reynolds number. This is not available for the hummingbird because its flight is similar to that of the insects (they don't use spanning). The majority of insects and all hummingbirds can easily perform hovering flight which is a very important task for a MAV. It is known that few birds can hover.
Generally speaking an insect/ hummingbird wing tip describes an elongated curve in space that could be well approximated by a line segment. The plane passing through the wing root and containing this line is called the stroke plane (fig 1) . The angle between the stroke plane and the body axis is constant but the wing tip describes different elongated curves depending on the evolution the flying insect performs. For example in the case of domestic fly this angle is of about 45 0 . If the insect or hummingbird is hovering, the stoke plane is nearly horizontal. In horizontal flight, the stroke plane is inclined forward. The term downstroke refers to the ventral to dorsal wing motion, while upstroke refers to the dorsal to ventral wing motion. During their motion the wings rotate about their longitudinal axis, i.e. they change their angle of attack. At the end of the downstroke the wing rotates so that its ventral surface turns upward. We say that the wing supinates. At the end of upstroke the wing rotates so that its ventral surface turns back downward. It is said that the wing pronates (fig 2) . We see that the total rotation on a cycle (supination plus pronation) equals zero which respects the shoulder joint natural constraints. The angle of attack is the instantaneous angle of a certain wing chord and the stroke plane. The geometric angle of attack (incidence) is the angle between a wing chord and the free stream velocity vector (of course, not available for hovering flight). The aerodynamic angle of attack (incidence) is the angle between a wing chord and the local velocity of the stream. To summarize, a biological wing rotates so that its tip describes an elongated curve that is very close to a line. This line and the wing root generate the stroke plane. Simultaneously the wing rotates about the axis of the wing (pronation and supination). So the wing is acted by a lifting force both at downstroke and at upstroke.
As a result of these complex wing motions, the flapping flight uses unsteady flow mechanisms. These mechanisms will be shortly presented hereafter: a) Wagner effect. When a wing starts suddenly from rest, the lift increases continuously from zero to its steady value [2] , [3] . During this time from the trailing edge of the wing a vortex sheet is shed into the fluid. The vortex sheet is the wing wake and rolls up immediately behind the wing. b) Weis-Fogh mechanism is used by some insects or birds [4] . The two wings approach each other dorsally ( fig. 3 ). Their leading edges touch first, than the entire upper surfaces are in contact (motion called clap). Soon later the wings fling apart, first by rotating about their trailing edge, later by translating away. When flinging, starting vortices are shed into the fluid, but as they have the same strength and opposite signs, they destroy each other. This annihilation results in a certain lift increase. c) Delayed stall and leading edge vortex [2] , [5] , [6] .If the wing is at high angles of attack, the fluid over the upper side of the wing separates and then reattaches, so that the Kutta condition still holds. This results in an enhancement of the normal force on the wing. This mechanism is the most important the insects and hummingbirds use during their flight. So it will be presented in more detail.
Consider a thick aerofoil and the distribution of pressure over it. The pressure distribution over the region about the leading edge gives a resultant parallel to the chord and directed forward. It is called suction. The rest of the pressure distribution gives a resultant practically equal to the lift and a certain drag. The suction force decreases the aerofoil drag in such a measure that for inviscid fluid the drag equals zero (d'Alembert's paradox). For aerofoils with sharp leading edge, as is the case of insect wings, the fluid separation occurs immediately and a leading edge vortex (LEV) is generated. This vortex creates a region of low pressure on the upper side of the thin wing. The aerodynamic resultant on the wing is now perpendicular to the chord. Polhamus [7] described a similar phenomenon occurring to delta wings. He gave this simple rule to calculate the aerodynamic resultant: it equals to the potential prediction on the wing surface (N) plus the potential suction force (S) at the leading edge rotated 90 0 upward. Practically, rotate the suction force 90 0 to the upper side and add to the normal force over the thin aerofoil ( fig. 3 ). The 3D flow is different for a flapping wing: the leading edge vortex detaches while the wing translates in the fluid (fig. 6 ). The vortex generated at the leading edge is carried spanwise by a strong side flow. At 75% of the wing length the vortex detaches from the wing surface and connects to the tip vortex and by it to the starting vortex. This flow is stable and a vortex ring is built up during the stroke. The stability of the flow arises from the fact that energy is continuously transported from the LEV core into the fluid. 
The importance of the wing rotation has been investigated experimentally by Dickinson and collaborators, [11] .
When a wing is in a linear motion and suddenly starts to rotate, the trailing edge Kutta condition in no longer fulfilled. However, this situation is unstable due to the shear that occurs.
The tendency is to create an additional circulation to re-establish the Kutta condition. This new circulation can increase or decrease the force due to the translation. However, if the rotation velocity is too high, it is possible that the Kutta condition cannot be re-established. Even so, the tendency to generate a compensatory circulation remains and this circulation modifies the lift. e) Added mass. When the wing accelerates through the fluid, the fluid itself is accelerated. This "participation" of the fluid to the accelerated motion is equivalent to a resistant force or an increased mass of the wing (in our case). This is called "added mass", "virtual mass" or "acceleration reaction", [2] .
f) Wing-wake interaction. Because the wing performs an oscillatory motion, it is always possible that the wing encounters its own wake. This "encounter" can result in an important change of the aerodynamic forces on the wing. This phenomenon is sometimes called "wake capture".
A NEW WING MECHANISM FOR UNSTEADY LIFT GENERATION
We have seen that the insect/ hummingbird wing tip describes a closed curve that is very elongated and has different shapes. Consider now a mechanism that makes the wing tip to move along a general closed curve, not necessarily an elongated one.
During this motion of "flapping" which has transformed now in a rotary motion, the angle of attack of the wing changes continuously so that a purpose is achieved. This purpose is to obtain a mean force that equals both the weight and the drag.
For this kind of mechanism, the wing radius remains always on a surface like a conical frustum. The flapping motion presented before can be thought of as a limiting case when the cone degenerates to a plane (stroke plane).
A flapping device is made up of two mechanisms: one that generates the flapping motion and the second that rotates the wing about its longitudinal axis (pitching motion). If we use an electric motor, we need to transform a rotation into a reciprocating motion and doing so, to get the flapping motion.
Besides we need another mechanism to generate the wing rotation (or pitching). The goal of the present approach is to avoid the first mechanism.
So we searched for a simpler mechanism that uses directly the circular motion rather than a reciprocating motion.
There is such a mechanism. This mechanism has been invented by the Austrian engineer Schneider in 1926, [12] .
It is used for propulsion and maneuvering system of some ships.
In the following considerations we adopted the simplified assumptions of the quasisteady model.
Therefore the instantaneous aerodynamic forces are regarded as equal to the forces occurring in the steady motion at the same angles of attack. Let us consider a uniform infinite fluid 2D domain ( fig. 7) . Consider a rectangular coordinate system XOY, so that the velocity at infinity is J w    w . If M describes trigonometrically a circle of radius R=OM with a constant angular velocity Ω ( ), then fluid velocity with respect to M is:
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In (1) is the peripheral velocity of M. Let us call N the intersection of the perpendicular passing through M to V and the axis OX. We observe immediately that ΔMON and the velocity triangle are similar because the corresponding sides are perpendicular. Then
In the above relations R ON   0  where 0  is a real positive number smaller than 1.
After these kinematical and geometrical considerations, suppose we attach a symmetrical aerofoil to M. Its chord c must be small when compared to R. Moreover, suppose its chord is along the velocity V. We observe that the aerofoil will not experience any lift, because its incidence is zero. This property is available if M is anywhere on the circle. Point N is a characteristic point of the pair ( , ) or, better ( ), and its position is given by This mechanism is called cycloidal propulsor (also called here cycloidal wing), because for an observer fixed with respect to the undisturbed fluid at infinity, M describes a cycloid.
Consider We define the angle of attack ε as the angle between the tangent to the circle at M and the aerofoil chord. We observe that OMK    .The angle β is measured between the same tangent and V . Now we can define the aerodynamic angle of attack the angle between the aerofoil chord and V :
In fig. 8 In the present paper we will consider only the lift L whose modulus is:
In the previous equation, V ad (t) represents the non dimensional modulus of the air velocity:
and s is the wing length. We choose s=0.25m as a realist length. ρ is the density of the air, 
They are given in fig. 9 for a period T. One can easily see that the impulse of the F x (t) component over a period T is zero, while the impulse given by the F y (t) component is positive. By dividing the impulse by T we get a mean lift force of a wing over a period:
In our numerical case, we get L m =0.9N. The wing loading is 36Pa, while for the pigeon (Columba livia) it is almost 62Pa. For the hawkmoth (Manduca sexta) it is 14Pa.
We can now go on and calculate the moment of the aerodynamic forces about the centre O, and the power to maintain this motion. However, the model being a simplified one, we shall not present the results obtained in this approach.
We considered implicitly that the MAV has only one pair of wings, a right wing and a left wing. However, it is not recommended to use only one pair of wings, but two. This arrangement is presented in fig 10. By doing so, the vibrations induced into the MAV structure will decrease and the lifting surface area will be twice as big as before. Fig. 11 illustrates the construction of a system of two wings acting on a side of a MAV. The wing plane is set at a certain angle δ with respect to the OZ axis. This inclined position will increase the peripheral velocity, so that the lift will increase as well.
On the other hand, we expect that the spanwise pressure gradient will contribute to the generation of a spanwise current. This spanwise current is beneficial for the stability of a LEV, so that we hope to increase the lift force coefficients much above the previously estimated value.
(a) (b) Fig. 11 (a) A system of two wings on a side of the MAV .(b) The same system seen from a point laying on both XOY plane and on Wing 1 plane to display the inclination angle of the same wing.
Future research There are three directions of work: the first one regards the development of analytical methods that include the calculation of the added mass forces, the rotation forces, the influence of the wake, the interaction between the wings, and the influence of wing elasticity. The second direction is the aerodynamic study of the wing system presented before in order to find the best wing plan forms, the appropriate ratio R/s or setting angle (δ). The third direction is to investigate the device experimentally.
Part two of the present study will contain the aerodynamic analysis of the unsteady flow about the modified cycloidal wing device.
CONCLUSIONS
A new rotary device has been proposed that uses cycloidal wing principle. Its design was motivated from the fact that the author wanted to simplify the construction of a MAV. It is an advantage to use directly the rotation motion obtained from the electric motor. The pitching motion is simple to achieve. The entire mechanism will be presented in a further paper. The wing setting is not perpendicular to the vertical plane of symmetry but at a certain angle, say 20 0 -30 0 . This position presents two advantages: 1) it increases the peripheral velocity toward the wing tip, the dynamic pressure and so the aerodynamic forces;
2) it generates a spanwise pressure distribution that will contribute to the formation of a stabile leading edge vortex.
